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: The use of fission produots as a military ogent prosonts a
numbar of very novel conglderationn vhich distinguish this potontfhl
wenpon from chamiool tools of war, such as mustard pas, lewisite, phos-
cone, ot cetora. Tho major differences botiween chomical and radioaotive
poisons may bo divided into the following principal oantegories. Oneg
" the quantity of radicactivo poison required to produce .lethal effects can
_be mensured in tho range of micrograms while in the oaso. of chemical sgents,
there is usunlly roqyirod tons to hundrods of milligrams to producc ,comparable
biologicel damage. Two; it is impossible to detoct the prasence - of radio-
notive polsons without the aid of suitable elocirionl dovicos such os
Geigor coanters, donization. chamoers, electroscopos, et cotora. In other
words, the radiantioca from rediosotiveo materials cannol be detectod by touch,
smell, taste, .ot ootora. Three; the biological damege produced by such
rodiations has & high degros of latenoy in that even with lethal dosages,
the full effeots may not sppear for intorvals sxtending from days to the
ordor of sevoral months. In addition, ocomplote rocovory from sub-lothal
- 4njury may not oscur in a considerable portion of individuals exposed
end this factor of ohronio injury may be expeoted to ocour in & much
higher prorortion of subjeots than might be oxpectsd from gsub=-lethal chem-
ical injurles from most, if not. all, of the known war gases. Four; radio-
nctive polsons may porsist in an infected rosion for oxtrewoly  long
periods of time, if tho matoriel injectad has a sufficiently long half-
1ife. Five; removal of radioactive matorials onco they havo becoiwo depos~-
ited on soils, buildings, roads, et ceteras, will be in wost instanoces so
- diffioult that for all intents and purposos, decontamination may be oon-
sidsred an almost insurmountabls problem. - : . e
T The fisaion products can be employed either against porsonnol;
both civilian end military, or they may.bo used to impair if not destroy
the use of egricultural areas for the purpose of produsing food orops,
Those matorials can produce injur§ to maa, as well as animals, Injury
can ariso from several differeont meohaniswms, hsmoly, inhalation, ingostion,
and extornal irradistion. Following absorption into the body the mejority
of the longer-lived fission products, whose half-lives aoxtend from the ordor
of two weoks to meny ysars, are acoumulnbed end teraoiously rotained in the
ekeleton. Thaors, they produce intemmal irradiation of the vory sonoitive
bono marrow and oven rather trivial amownts ocoa produse lethal offocts.
The inhalation of finely suspended partioles sucl. as dusi.or smoko, coatein-
ing o mixture of the longer-lived fission products is attouded by &
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// A significant percentage of inhaled matorial bein; rotained in tho lungs for

intorvals cxtending to ms long es & ycars A verieble but sigridfiocant frection
of the fission products initislly retained by the lungs following inhala-
tion will be absorbed through the lung tissues into the blood strean end
then Lo deposited within tho skeleton. In genoral, the demage to the '
lungs will be greoater then to the blood forming tissucs within the bone
marrow. However, it is perfectly feasible to prepare radiocactive smoke of
such & charector so theit the injury.to the bone marrow will predominate
over pulmonary demage. lhe_oral ingestion of meny of the fission products
is followed Ly a rather trivial dégree. of absorption from the digestive .
tract. If an unseparated mixture of long-lived fission products is employed,
less than from 3% to 10% will be absorbed through the dijestive traot.
Approximately half of the materisl so absorbed will becomo depositedwithin
the skeleton.  Fxtornmal irradiation arising from fission products spreed
over a large aron, presents another importaat aspoct of the problem of
redionctive warfars. Inmesmuch as both bets end jemma rays are emitted frono
the fission products mixture, superficial as well as penetrating damage
moy ocour. In the main, the gamme rays will be tho more oninous cf the

" two radietions insofar as lethal injury to persosnel is concerned. From
400 to 600 roentgens is believed to constitute en acute lethal dose of pen=-
etrating gamma rays for en adult humen. Severe end slow healing lesions
of the skin snd subouteneous tissues will occur following 3,000 to 6,000
roentgens of beta irradiation of sn eneorgy rango fron 250,000 to 2,000,000
volts. Due to the faoct that beta rays aro rolatively easily absorbed, &
considerable diminution of thak effeot will ariso from absorption in olothiig,
shoes, et cetora. : S '
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' Tae contamination of soils presents another aspect of the destruct-
ive potentialities of the fission products as a military agent. The sccom- "
penying report on the behavior of fission products and soilsgrpXucidates
this issuo to a considerable degree. Briefly, the situation is that most
of the long-lived fission productu, because of their chemical properties
become exiremely firmly fixed on to soil particles. Plents growing in
such contemineted soils havo the potentiality of accumulating to a vsry
high degres, a considerable fraction of the fission products that ars fixed

_upon the soil particles. Inasmuch as this ecoumulation by the plants
oocurs chiefly in the roots which are relatively sensitive to radiation,
it oen be readily mppreciated that significant ereas of pround may be
mede ossentially sterile insofar as thoir agricultural use is councerned.
In addition, there is a corollary problem which arises, nemely, tho assim-
ulation of certain fission products, notably cesium end strontium in the
leafy portious of plents. Conceivably, food crops growing in soils ocoa-
teminated below the level required to kill plents could result in the
poisonirg of the plant products jnsofer as animal or human consunption,
is conocerned, ‘ ’ ' '

The quentity of given fission product mixture that is required
to produce demaging affoots, whethor it be in humans or plents, dopends
upon tho age ond composition of the fission product mixturo employed.
Obviously, there is almost an walimited serics of numbers which could
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be given for such amcunts since thore are not only meny eleomonts involved
in the fissicn product series but also the half-1lives of the individual
olements produged in fission oxtond from seconds to centurios. However,

as 8 practical consideration, the most effective group of fission product
elements, as militarv agents, are those whose holf-lives range from seoverel
woeks to the order of a year. Ihis group of fission products will serve

a8 tho basis for the values subsoquently givon. MNore precisely, it will
be for & mixture of fission products that oxist in en irredieted natural
‘mixture of uranium for a period of 100 days which is then ellowved to cool
for & period of 60 days before removal of the fissian products as a group.

"As a result of treocer studics done at serkeley, and subsoquent
oxperimonts including en investigation of radiation effectis which wele
accomplished elsewhere on the Projeot, the following cursory plcture has
been-compiled. The inhalation of 10 millicuries of the unseparated fission
product mixture described above is estimeted to be & minimum lothal doswo
for the everape adult humen. It is prosumed that lethal injury will arise
in the main through pulmonary demsge rather than bone marrow destruction.

The oral ingestion of at least 100 milliouries of such e mixture would be
required to produce lethal injury which in this oase would erise primarily \
from bone marrow demage produced from the strontium end barium absorbed from)
the digestive traot and subsequently deposited in tho skeleton.  An estimate!
‘of the emount of this fission product mixture required to produce extemel
ganma rey injury oen best be expressed in the following menner; 1 ourie of
radium gemma ray equivalent per square meter spread over a large plain

eroa will produce at a level of 1 centimetor from the ground - 0.8 roentgens
par minte, 10 ocentimeters from the ground - 0.6 roentgens por minute, snd
100 centimotors from the ground - 0.4 roentgens por minute. Lxpressed in
ﬁerms of roentgons nor day, corresponding veluos are 115 roentpens, 86 roent=
geng, and 57 roentgong, respeotively. In estimating these velues, an averege
gamma rey enorgy of 0.7 Mev was assumed end ebsorption in the air as well
.as s0lf absorption in the soil hove beon Ignored. The corrosponding.
amount of bote irradiation is very difficult to estimate in view of the 4
variation produced bv tho difforent thiclmess of articlos of olothing, et :
cetera, In genseral, however, it is likoly that the garma ray offoects will
predominate as the more destructive. .Inasmuch as 100 r of total body
radietion oan be oxpected to produce, in & significant number of individuals,
scme degree of irreversible radietion demege, it would eppear that a flux

of gamme rays at this intensity would render such an area essentially unin- j
habitable, It shculd be kept in mind thet the values given sbove for

germa radiation ropresent a hypothotical situation inasmuch as distribution
will nevor bo uniform end there will-be other variations dus to the presence
of buildings, trees, and irregularities of terrain. A detailed discussion

. of the omounts of material required to produce crop demapge is presonted

in the ecoompanying reports A more precise evaluation of the quantitios
involved for tho storilizetion of agricultural lands must await the acoumu-
dation of further scientifioc kmowlecdge in this field of Iinvestigation.

In addition to tho oriticsl effect upon living plents following
the contamlnation of large aress, thore is a furthor consideration whioh
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presenfs 8 most ominous complication. Assuming a relatively uniform and
viidespread doposition of fission products over ereas of meny square miles,
thera will arise varying.and wnprediotable concentrations of this activity
03 o rosult of rein or meltinz snows. It must be realized thet initially
a large fraction of the doposited fission products will be on ths surface
of the soil, plants, buildings, roeds, et cetora, as a thin film of dust.
Redn or melting snovs will wash a significent fraction of these materials
eway end they will be accumulated in the run-off water aad may be carried
considerable distances to anothor location. It is quite logicsl that a
redistribution in a concentrated form would prove most disturbing, part-
jcularly from tha point of view of, gamma radiation if such removal end -

_ redistribution should occur in a thickly populsted area. .

) The possible methods of distribution of fission products that
ars of militery significance have boen investigated only to_& very limited
degres cnd on an extremely small soales Such methods were developed prim—
arily st Berkeley for the purposes of studying the behavior of.fission
product aerosols following their inhalation by enimalse. Stabls aerosols
may be produced by depositing fission products upon a smoke produoing S
egent, as for example, the zino hexachlorethane~ammonium perchlorato mix-
ture which hss besn used for meny years for ths purpose of obsouration. i
Such & type of preparation would appear well adepted for producing fission
product asrosols to subject urban populetions to fission produot poisoning !
by inhelation. Othor possibilities prosent themselves such as dispersal l

!
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of & fine powder by mesns of a bursting oharge, the reduotion of the prin-
cipal fission products to & metallio state and thelr subsequent combustion
to form finely divided oxide smokes, the produotion of fine spraya of sol=- .
utions of fission products, and the dispersion of a fission product mixture{
in the form of small partiocles of the size of the order of 0.1 millimeter
in diemetor. These are problems about which there are meny individuals
better qualified than I to present intelligent suggestions. It should be
pointed out that in meny instances, it is to be presumed that where asrosol
concentrations of fission products oen be oreated at suffioient levels to
produce serious biological damege ss & result of inhelatior, there will
occur the deposition of such suspensions upon the grownd in sufficient
quentitioy thati H#it1 epproach, if not exceed the radietion flux, that will
result in seveF?® Bxternal gemma ray demaze to individuals so exposed.

There are nown at pressnt vory fev and relatively inadequate
measurea thet can bo employed to gombat the probloms arising from radio-
sotive warfare, In tho first plage, the removal of long-lived fission produocts,
once thoy have become oither deposited within the lungs or ebsorbed in the
body, has been wsuccesgsful., Absorption from the digestive treot following
oral ingestion ¢an be reduced significeatly by inereasing the ocalocium content
of diet for soveral weeks before administration of the fission products,
The administration of oaleium or strontium at the time of absorption or
subsequently, is not of significent value, The administration of strong
cathartios at the tims of oral irgestion would be of value to reduce the
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"/ time intervael when tho unabsorbed fission products would remain within
/ " the digestivo trect and henoce reduce the degree of looal rodietion of

| thesse orgens, However, absorption of fission products from the dipgestive
! troot is not significently reduced by tho use of cathartlcs., Ovviously,
/ it is not practical to adsquately proteot individuals from oxtemal gamma
/ radietion if thoy are to move sbout in areas which hevo been heavily cm-
/ taminatod., The typo of leed armour that would bo recquired would weigh
/ -many tons. In addition, it should be pointed oul that there is no satis-
/ faotory mothod for combating the 6ffeots of radietion onoe the individual
' has been so oxposod., In brief, there is no satisfeotory method of reducing
the effects on personnel from fission products oithor following introduction
of these agents into the body or aftor damaglng oxtomal body exposurc has
been rensived, .
The recént and illuminating exporionces from Operation Crossroads
emph851yos the diffioultics that will be enccuntored when oxternal objects
become ocntaminated with fissicn produots. It is essontielly impossible to
leach them from soils cnd the diffioculties that will prosont themselves
for the deconteminction of buildings, roeds, ond other men-mado structures
may be oxpected to be almost ogually insurmounteble. In othor words, once
- theso agents are dsposited, the troatment of both animale end irmnimato
.obJects that have become infected with radioasctivity would sppoar to be an
elmost hopeless task in light of our prssent Imowledge. The previous prep~ -
araticn of arvas thut may be expeotcd to bs so vxposed ofrors only 1inited
' encouragement. .

|
|

\Ihe most significent remedial measures that may be token follow-
ing the deposition of fission products will fall into two mejor catogories. -
: Firs», the rapid evacustion of persomncl in such areas es.may bo infeoted,
end a prompt survey of all such individuels so that thoso who have recoived
sufficient material to expect sorious damage may be hospitalized for what-
ever pallietive measures may be availablo to reduco their distress. At tho
same tire, such & woeding out procoss makes it possible to relsaso Individ-
uals who are relatively freo from radiocactive contamination for whatever
aotivities that moy be needed under such oiroumstemces. It is possible to
_organize e very rapid ead rolatively procise meesns for making the type of
discrimination noted above if proper arrengoments have been made before-
“hend. The second phaso of this problem is, of oourse, the prompt monitoring
-of infected ereas so that the dogree of ocontamination end denjor can be
properly detormined. The dotoction of demage to individuels from oxtornal
germma ray irradiaetion is less satisfootory. Thle is dud to tho fact that
frequently tho amount of irradiation requirod %o produce immodicte recotions
of radistion sickness such os neusea, vomiting, ot cetora, is not far from
the lothsl dose, The change in number and distribution of -tho leukooytos
of the circulating blood is relatively sensitive to amounts of radietion
in the range of 50 to 200 roentgens. ULowever, due to tho fact that tlio pro-
- oodure of toking a blood count requires of the order of thirty minutes, it
might be difficult to ndequately examine 1arge numbars of individuals within
& short spooe of time,

The possiblo types of epplication of radioactive apgents as
military waapons oon be initially divided into two major oclassifications;
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stratopic and tectical, Ono of tho principal stratejic usos of fissica
produots will probably be against tho civilien population of lerge oltioes.

It oan be well imagined the degree of consternation, as well as fear and
spprehonsion, that such an agent would produce upon & larpge urben populotien
after its initial use. Apart from the effect upon the morale of the populess,
thoro 13 of oourse, the possibility of rendering large areas within the oity
uninhebitable due to the prolonged gamma rediation of such contaminated
areas, #hile it is ontirely likely that the source of fear induced by such

e weapon would be diminished as theo population became bettor informed as to

‘ths neature ond degrec of hazard to bo expected, the fact that large seotions

————

of oitios would be renderod untenable would soriously dislooato the normeal
funotioning of the netion as a whole wore meny citles to bo involved sinmul-
tonoously. Contamination of rosevolrs does not appeer to be a vory effaotive
use of fission.products due to the fact that the majority of them would very -
quiokly attuch themselves to the concrets or earth containing the water

and ‘those that did not remsin behind would tend to be caught in the water
system with tho result that little if any active material would_sctually
roach the individuals dependont upon the water supply. It is possible,

of courss, that contemination of a very small resevoir by a large emount

of eotive matorial might conceivably produce some effective contamination

of the water, but even here, I do not believe it likely that the effective-
ness of such a progedure would verrant the use of the lerge amownt of mat-
erial required., It would appear that fission products might bas very effeot-
ive for the denisl of sccess to small koy areas,notebly reilroeds, shipyards,
docks, highly conoentrated large industrianl establishments, as for example

. steel mills, powor plents, factories producing essential commodities, et.

cotore. The adventage, of oourse, of this typo of interruption of funotion
is that the regions so treatod are not physically destroyed end if the
sppropriate fission produot mixturs is employed, the interval during whioh
such ereans are rendered inemocessible can be pretty much selected at will,

A .Pogsible tactioal eppliocations that are fairly obvious are the
denial of osrtein areas to troops, notably beach heads, narrow mountain
passes, cenals, et ocetersa. The direot use of fission products either ereinst
massed troops or sgainst personnel in trench fortificationsg, not readily
noutrelized by more conventional agents, might be quite effective. The
possibility also presents itself of the contenination of military nateriel
of various %ypes, as for example, siroraft, quartermaster stores, ammunition
dumps, et ocetera. It is entirely possible that the use of fission products
might be effectively oxtended against neval vessols either by shelling, using
missilos conteining fission products,or by spraying the material over the
entire ship. '

It is extremoly diffiocult for me to make intelligent ovaluations
of the rolative importaonce of different strategio and tactical uses of radio-
sotive agents since I am quite unfamiliar with military science, Before
leaving this phese of the application of radioactivity %o warfare, it is
pertinent to point out thet the amount of fission produsts produced in
creation of sufficient plutonium for a bomb would be adequate to rsnder un-
inhebiteble for a pariod of weoks to months an erea that is cowmparable to
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that dostroyod by the explosion of a single bombe. Vhen it is considered thak
is is possible that within the next decadse there will ba produced plutonium
in amcunts vhich may epproach en annuel level in the rango of tens of tons,
it becewmes eppsront a nation produoing such matoriel at this level would
rossess tho potentielity of rendering tens of thousands of square miles
cempletoly uninhabitable even for intervals of the order ‘of a few days.

I strongly feecl that the best proteotion that this netion oan
securc against the possibilitises of radiotctive agents veing omployed as
a8 military tool by some foreipgn power iz a thorough evaluation and under=-

to prsdict the evil consequences that will result from the use of such an
uaplvasent military implement, such conclusions that could be made iculd bo
inedequete. In othor words, I believs that it is neocessery for the adequate
defensos of this netion that en active and comprehensive examination of the
oqtiro problem be made by the armad seivices. Suchia program, I feel should
bo carricd out by tho Chemical Verfers Fervice with the collaboration of

other interestod brenchus ef the e:my end the ravv, Inasmuch &s it is eppare
ent that such studies nust be made by meens of large scele exporimentation,

_ a8 well as laboratory research, it will be essentisl that thore be made

available in soms isoleled region en extensive proving growmd. Here a large

- varioty of fiold trials could be conducted, the naturo of whlch ars gusgested|

in esrlier discussions in this roport.

"To me, it woulu appeer that the Chemical Varfare Servioe,'in

_ view of its-long-standing experience in the use of other chemical end phys-

icnl agents of werfare, wculd be best adapted to underloko and suporvise
such a program. . In addition, it weculd eppear highly desirablo to appoint

& civilian edvisory committee composed of a group of ochemists, physiocists,
end men trained in the medical and bLiologioal sciences. This group of civ-
ilian scientists, which would presumably be drown from qualiliod individ-
uals who have had extensive expoerience in the difforent espects of tho recent
dovelopments in nuclear enorgy, - would sorve to assist and advise the armed
foroes whenever such help would bs needed. I believe that it would beo
wmappropriate as well as diffioult to sesk tho assistance of universities
for direct research aid on most of the problems of investigation that the
program indicated above would requiro. Howeovor, the fundamentsl lmowledpe

.in the fields of chemistry, rhysiocs, end medicine that is in the hands of

the civilian soientists should be drawn upon fresly.
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